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Anatomical region/Brodmann area  x  y  z  t‐statistic  Task‐related 
difference 
(p<0.05) 
R superior temporal gyrus (BA 41)  44  ‐35  13  5.77  n.s. 
R precentral gyrus (BA 9)  40  20  36  5.66  n.s. 
R medial frontal gyrus (BA 6)  18  2  58  5.84  v>t, v>vt 
R caudate  9  11  10  5.19  n.s.  
R claustrum  34  ‐3  ‐9  5.65  n.s. 
L superior frontal gyrus (BA 8)  ‐4  16  50  5.23  n.s. 











L inferior temporal gyrus (BA 37)  ‐50  ‐48  ‐4  5.45  v>t v>vt vt>t 
L caudate  ‐15  17  8  5.32  vt>v, vt>t 
L insula (BA 13)  ‐31  25  13  5.96  n.s. 





Anatomical region/Brodmann area  x  y  z  t‐statistic 
R precentral gyrus (BA 6)  52  ‐9  39  7.23 
R inferior frontal gyrus (BA 46)  47  35  10  6.69 
R middle frontal gyrus (BA 6)  45  8  43  6.58 
R middle frontal gyrus (BA 9)  46  19  31  6.91 
R superior frontal gyrus (BA 9)  35  46  31  7.07 
R medial frontal gyrus (BA 6)  9  4  63  7.01 
L superior frontal gyrus (BA 10)  ‐39  51  24  7.61 
L medial frontal gyrus (BA 6)  ‐9  5  51  6.76 
L precentral gyrus (BA 4)  ‐41  ‐24  53  7.89 
L postcentral gyrus (BA 2)  ‐51  ‐21  29  6.93 
L middle frontal gyrus (BA 9)  ‐55  9  34  7.07 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 Detect  Judge  Grade 
  CP4  PZ  FCZ  CP4  PZ  FCZ  CP4  PZ  FCZ 
  P50  P100  N140  N140  P50  P100  N140  N140  P50  P100  N140  N140 
VT  0.38 (0.06) 
1.72 
(0.32) 
‐2.38 
(0.46) 
‐1.74 
(0.3) 
1.07 
(0.21) 
1.65 
(0.31) 
‐2.0 
(0.3) 
‐2.2 
(0.24) 
1.68 
(0.29) 
0.94 
(0.16) 
‐2.0 
(0.39) 
‐3.1 
(0.21) 
T  0.43 (0.07) 
1.54 
(0.33) 
‐2.2 
(0.25) 
‐1.5 
(0.12) 
0.74 
(0.13) 
0.86 
(0.19) 
‐1.4 
(0.25) 
‐1.6 
(0.27) 
0.85 
(0.17) 
0.85 
(0.13) 
‐1.2 
(0.1) 
‐2.1 
(0.28) 
 
Table 1:  Mean amplitude (+/‐ SEM) in microvolts (µv) of ERP components recorded 
from electrode sites CP4, PZ, and FCZ for each task and stimulus condition: 
crossmodal, visual + tactile (VT) and unimodal, tactile (T). 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Figure 1 
Grand average waveforms (n=10) for the visual + tactile (VT) task condition at FCZ 
(top), CP4 (middle) and PZ (bottom) electrode sites. Black traces show the detect task, 
grey traces depict the judge task, and blue traces illustrate the graded task. 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Figure 2  
Group means (n=10) for P50 amplitude measured at CP4. White bars represent group 
data for the crossmodal visual + tactile task condition (VT), black bars represent 
group data for the unimodal tactile condition (T). Error bars show SEM, * denotes 
significance p<0.05. 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Figure 3 
Group means (n=10) for P100 amplitude measured at PZ. Bars represent group data 
for the three task conditions collapsed across modality. Error bars show SEM, * 
denotes significance p<0.05. 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Figure 4 
Group means (n=10) for N140 amplitude measured at PZ (A) and FCZ (B). White bars 
represent group data for the crossmodal visual + tactile task condition (VT), black 
bars represent group data for the unimodal tactile condition (T). Error bars show 
SEM, * denotes significance p<0.05.  
 
 
 
 
 
 
  100 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 
Group means (n=10) for behavioural performance. White bars represent group data 
for the crossmodal visual + tactile task condition (VT), black bars represent group 
data for the unimodal tactile condition (T). Error bars show SEM. 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Chapter 5 
5.1 General Discussion 
   
The objective of this thesis was to probe how somatosensory cortex is 
modulated by task‐relevant, crossmodal stimuli. The main findings of this thesis 
suggest that somatosensory cortex is subject to top‐down modulation based on a set 
of stimulus‐ and response‐driven expectancies. This finding is significant in that it 
contributes to our understanding of how cognitive factors like attention and response 
planning can exert an influence on early cortical processing within sensory‐specific 
cortex. 
The first study set out to determine the effects of simultaneous visual and 
tactile stimuli on somatosensory cortex, in the context of a behavioural task requiring 
attention to both modalities to inform the motor response. Given that somatosensory 
cortex is sensitive to the task‐relevance of stimuli and recent reports of crossmodal 
sensitivity in primary sensory cortex, it was hypothesized that relying on both visual 
and tactile stimuli to perform a sensory‐guided motor task would be associated with 
increased SI excitability, compared to tactile stimuli alone.  Secondary to this, it was 
also hypothesized that activity in a frontoparietal network would be upregulated in 
the crossmodal task which would implicate this network in driving SI modulation. 
Study 1 tested these hypotheses using functional magnetic resonance imaging (fMRI) 
to determine whether activity in SI is modulated by the requirement to use both visual 
and vibrotactile information to guide a motor response, and if so to identify regions 
that may contribute to or drive this modulation. The hypothesis that SI activity would 
be modulated in the crossmodal visual + tactile task relative to the unimodal visual 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and tactile tasks was supported by the results of the ROI analysis, which revealed an 
increase in peak percent BOLD signal change in the visual + tactile condition 
compared to the tactile‐only and visual‐only conditions. Results of the whole‐brain 
analysis revealed a common fronto‐parietal network that was active across both the 
crossmodal and unimodal task conditions, suggesting that these regions are sensitive 
to the attentional and motor planning aspects that were common to all tasks rather 
than the unimodal or crossmodal nature of the stimuli.  This study provides evidence 
for crossmodal interactions within sensory‐specific cortex, and is the first to 
demonstrate an upregulation of somatosensory cortex with simultaneous visual and 
tactile stimulation using fMRI.  
  The goal of Study 2 was to determine the temporal characteristics of 
crossmodal modulation in SI using ERPs. It was hypothesized that the crossmodal 
task, requiring the use of both tactile and visual stimuli to plan and execute a motor 
task, would be associated with larger amplitudes in early somatosensory ERP 
components compared to a unimodal task, echoing the fMRI findings of study 1 but 
with more precise temporal resolution to determine how early in the processing 
stream such a modulation might occur. Study 3 aimed to determine if crossmodal 
effects in somatosensory cortex are contingent upon the task‐relevance of the stimuli, 
based on the assumption that if such modulation is a product of top‐down processes, 
it will only occur when both modalities are relevant and attended. Conversely, if 
crossmodal modulation of SI is mediated by bottom‐up mechanisms, the relevance of 
the stimuli to behaviour should not influence crossmodal effects in SI. Thus Study 3 
set out to test the hypothesis that crossmodal enhancement in SI will only be observed 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when both visual and tactile stimuli are task‐relevant. The hypotheses of both studies 
were supported by the data; a crossmodal enhancement was observed in the 
somatosensory P50 component, indicative of increased excitability in SI and when 
task relevance was manipulated this modulation was observed only when both visual 
and tactile stimuli were relevant. These results provide evidence that crossmodal 
stimuli can modulate early somatosensory event‐related potentials, and that these 
effects are mediated by stimulus relevance.  
An interesting pattern of results emerged at mid‐latency components, 
reflecting activity outside of primary somatosensory cortex. In Study 2, the N140 was 
modulated by crossmodal stimuli at a parietal electrode site, whereas in Study 3 the 
N140 was not modulated at PZ but was at FCZ, where the tasks requiring selective 
attention to one of the crossmodal stimuli were associated with larger N140 
amplitudes than the task requiring attention to both. The results of these two studies 
indicate that the relevance of stimuli to behaviour and the presence of a simultaneous 
crossmodal stimulus both exert influences on somatosensory processing. Further to 
this, frontal and parietal regions contributing to the N140 are differentially modulated 
by modality and relevance. This finding is suggestive that a fronto‐parietal network 
may indeed be involved in modulating excitability in SI by providing evidence that 
frontal and parietal regions show sensitivity, albeit in different ways, to the same 
manipulations that modulate SI. 
The first two studies of this thesis provided evidence that measures of 
somatosensory cortical excitability are sensitive to crossmodal stimuli, in the context 
of a sensory‐guided motor task. The third study revealed that this modulation is 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contingent on the relevancy of the stimuli to the motor task, such that modality‐
specific ERP components are enhanced when both visual and tactile stimuli are 
relevant to the task, but not when one is irrelevant. The final study set out to 
determine whether the specific task requirements, specifically the degree to which the 
motor response relies on sensory information, influence somatosensory ERP 
components. The greater purpose was to provide insight into what the somatosensory 
P50 may represent by testing the hypothesis that it would be sensitive to changes in 
task set despite identical stimulus parameters. It was predicted that P50 modulation 
would be sensitive to task demands, specifically that crossmodal modulation would 
only be observed in the graded task, when the relationship between stimulus 
attributes and motor response was greatest.  Replicating previous studies, crossmodal 
effects were observed on the P50, but novel to this study, only in the graded motor 
task. This finding supported the hypothesis that crossmodal effects on the P50 are 
dependent on the requirements of the motor task.  
Some unexpected results were observed for the P100 component and the 
parietal N140; neither potential was sensitive to crossmodal stimuli compared to 
unimodal stimuli, and for both components increased amplitude was associated with 
the detection task compared to the graded task. At frontal site FCZ, the graded task 
was associated with greatest N140 amplitude in both unimodal and crossmodal 
conditions. These results suggest that frontal and parietal contributions to the N140 
are both sensitive to task requirements but these effects go in opposite directions, 
with the parietal component being most responsive to the detection task and the 
frontal component more sensitive to the graded task. 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The lack of crossmodal effects in the detection and discrimination tasks in 
Study 4 argues against the idea of a global crossmodal facilitation in response to visual 
and tactile stimuli. The finding that crossmodal effects only emerge under specific task 
requirements suggests that this potential is likely to reflect cognitive strategies being 
applied to the processing of the sensory inputs at an early stage, as was suggested by 
Desmedt and Tomberg (1989) in their discussion of what they termed the cognitive 
P40, which showed similar distribution to the P50 recorded in this experiment. A 
recent study by Schubert et al (2009) provides support for this idea and suggests that 
early sensory‐specific modulations are associated with more demanding tasks. Such 
enhancements are presumably mediated via reciprocal thalamo‐cortical networks 
that act to bias processing towards selected inputs (Brunia, 1993; Yingling and 
Skinner, 1976), and the prefrontal cortex has been implicated as an important node in 
this sensory gating and enhancement network.  
With this in mind, the N140 effects recorded from frontal sites that are 
reported in this thesis may in fact be indicative of the role of PFC in mediating 
sensory‐specific modulations, as the prevailing thought is that the N140 has at least 
one generator in prefrontal cortex (Allison et al., 1991; Desmedt and Tomberg, 1989). 
The results of studies 3 and 4 show that the parietal component of the N140 shows 
specificity for task demands but not crossmodal stimuli, and the frontal component is 
sensitive to crossmodal stimuli and the presence of a distractor, in addition to specific 
task requirements. The finding that different task demands produce different patterns 
of modulation at frontal and parietal sites likely speaks to the functions associated 
with the underlying cortical areas. While both frontal and parietal regions are part of a 
 
  106 
fronto‐parietal attention network, the nodes in this network subserve different 
aspects of attending to sensory events. Areas of the posterior parietal cortex are 
known to play a role in stimulus‐driven shifts of attention, regardless of stimulus 
modality (Corbetta and Shulman, 2002; Downar et al., 2001; Kincade et al., 2005), thus 
parietal contributions to the N140 may be most responsive to the detection task that 
relies more on this form of stimulus‐driven attention. In contrast, at frontal sites the 
N140 is most responsive to the graded task, which requires greater extraction of 
stimulus features to execute an accurate motor response. This finding fits with a role 
for prefrontal cortex in transforming sensory information into behaviour via gating 
mechanisms that bias activity in sensory‐specific cortex in response to behavioural 
demands (Gazzaley et al., 2005; Gazzaley et al., 2007). 
Considering the findings of these four studies together, some interesting 
possibilities arise about what the early modulation of somatosensory cortex might 
represent.  Before considering these possibilities, it is important to note that the 
experimental techniques used in this thesis, while complementary to each other, 
capture different measures of cortical excitability. fMRI measures the blood oxygen 
level dependent (BOLD) response, which reflects changes in the relative proportion of 
oxygenated and deoxygenated hemoglobin in blood vessels of the brain. These 
changes in blood flow are coupled to changes in the metabolic activity of neurons 
since active neurons require more oxygen, which in turn is a reflection of neuronal 
activity because neuronal firing relies on oxygen‐dependent cellular mechanisms. A 
study by Logothetis et al (2001) attempted to discern what type of neural activity is 
best reflected by the BOLD response and found that BOLD activation reflects the 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activity related to the inputs and local processing of neurons in a given area, which is 
energetically expensive and thus likely to contribute heavily to hemodynamic 
changes.  In contrast, EEG measures cortical activity by recording electrical activity at 
the surface of the scalp, and this signal reflects the summated excitatory postsynaptic 
potential (EPSP) activity of synaptic potentials in the dendrites of cortical pyramidal 
neurons (Gloor, 1985). Thus, while these two techniques are quite different in the way 
in which they record changes in cortical excitability, both capture similar underlying 
cortical processes (Logothetis et al., 2001). 
To return to the SI modulation observed with both fMRI and ERP, there are 
several possibilities about what this modulation might represent. It is possible the 
observed changes in excitability reflect increased attention being directed to the 
stimulus, or it could be related to the amount of planning required to make the 
response, in which case the modulation may reflect the degree of coupling between 
the stimulus and the response. These explanations are in fact not mutually exclusive 
and it is entirely possible that the observed modulations of SI reflect both of these 
processes. The next logical question is what drives this modulation? The two most 
likely routes of modulation are via bottom‐up cortico‐cortical connections between 
visual and somatosensory areas or via top‐down influences of higher‐order cortical 
areas on somatosensory cortex, and each of these options will be considered along 
with the potential neuroanatomical pathways and neurophysiological mechanisms 
that may underlie these modulatory influences. 
One possible route of SI modulation is via connections between primary visual 
cortex, visual association cortex, and somatosensory cortex. There is anatomical 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evidence for such connections in monkeys (Cappe and Barone, 2005) and it has been 
suggested that such pathways could mediate cross‐modality effects in a feedforward 
fashion (Foxe and Schroeder, 2005). However, given that the initial response in visual 
cortex typically occurs within 45‐60ms after stimulus onset (Foxe and Simpson, 
2002), which is the same time window the somatosensory P50 occurs in, it is unlikely 
that projections from the visual cortex influence SI directly at this latency. However, 
this does not preclude the possibility that visual inputs could influence somatosensory 
excitability indirectly via connections with the posterior parietal cortex (PPC). In 
nonhuman primates, area 7a (the caudal portion of the posterior parietal lobe) is 
reciprocally interconnected with multiple visual‐processing related areas, including 
the upper bank of the superior temporal sulcus (STS), visual motion processing area 
MT, and portion of V2 (Cavada and Goldman‐Rakic, 1989). Area 7b, the rostral part of 
the posterior parietal lobe shares connections with SI, regions of secondary 
somatosensory cortex, and area 5. Given the convergence of visual inputs on regions 
of the PPC, and the connections of PPC to SI, an alternative explanation of the SI 
modulation observed in this thesis could lie in a role for parietal regions in mediating 
these effects. A recent TMS study provides some support for this idea, as TMS to the 
PPC eliminated the behavioural advantage normally conferred by congruent visual 
and tactile stimuli in a discrimination task, which suggests that this region is critical 
for integrating information about visual and tactile stimuli (Pasalar et al., 2010). Thus 
while the PPC is a candidate for mediating the crossmodal modulation of SI, the 
strongest piece of evidence arguing in favour of prefrontal mediated mechanisms is 
that SI modulation by crossmodal visual stimuli only occurs when both stimuli are 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task‐relevant. Although the parietal N140 is by no means a direct measurement of PPC 
activity, it is a measure of excitability over parietal cortex and in Study 3 it was not 
sensitive to the manipulation of task‐relevance, which would suggest that the 
population of cells in parietal cortex that contributes to that potential does not drive 
the task‐relevant modulation observed in SI. 
On the other hand, several features of the modulation observed in this thesis 
argue strongly in favour of top‐down mechanisms driving the facilitation of SI. The 
strongest evidence comes from the observation of excitability changes when the 
physical stimuli were identical and the task requirements were varied, both by 
changing which stimulus was relevant and by introducing different sensorimotor 
tasks.  This finding suggests that a cognitive or attentional set related to the task plays 
a role in driving the upregulation of SI. Regions of the prefrontal cortex, particularly 
the DLPFC, have been implicated in assessing the behavioural goals of the task and 
determining the attentional set required to achieve these goals, This set of 
expectations about the stimuli and the required response could then drive an increase 
in SI excitability.  
In general, it is thought that the prefrontal cortex is involved in both the 
selection of relevant stimuli and the suppression of irrelevant inputs. The mechanisms 
involved in these processes are not entirely understood, but the underlying circuits 
that carry out these functions have been the focus of much research. The ability to 
select task‐relevant stimuli is likely mediated by connections between the prefrontal 
cortex and sensory cortices that process incoming sensory information, memory‐
related regions that store information gained from experience, and limbic structures 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that provide motivational context (Barbas and Zikopoulos, 2007). Evidence for the 
networks of anatomical connections between these regions and prefrontal cortex 
comes from tracer studies carried out in nonhuman primates (Barbas et al., 1999, 
Goldman‐Rakic 1988, Fuster 1990), so although the precise neurophysiological 
mechanisms underlying enhancement of relevant inputs are unclear, because the 
pathways that link cortical or subcortical structures in primates are excitatory 
glutamatergic pathways (White and Keller, 1989), the existence of these connections 
provides the substrates for excitatory prefrontal pathways. The mechanisms 
underlying inhibitory processes carried out by the prefrontal cortex are also the topic 
of some debate, although two proposed mechanisms for suppression and excitation 
suggest that prefrontal pathways can actively suppress irrelevant stimuli by 
synapsing with inhibitory neurons in other cortical regions, which then inhibit 
neighbouring neurons, or prefrontal projections may target inhibitory systems which 
would produce disinhibition and trigger diverse outcomes that could include 
excitation or suppression (Barbas and Zikopoulos, 2007). 
In terms of providing possible explanations for the modulation of SI observed 
in this thesis, there are two likely routes for this to occur: either directly via 
connections between prefrontal cortex and SI, or indirectly via a thalamo‐cortical 
loop. Evidence for direct connections between DLPFC (BA 9) and somatosensory 
cortex come from anatomical tracer studies mentioned above (Barbas et al. 1999), 
and also from a lesion study reporting effects of DLPFC damage on SEP components 
reflecting SI processing but not the afferent volley from thalamic inputs (Yamaguchi 
and Knight, 1990). However, there is evidence that prefrontal cortex may exert an 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influence on SI excitability via the inhibitory circuits of the thalamic reticular nucleus 
(TRN). The TRN has reciprocal connections with the thalamic nuclei and receives 
projections from the cortex, permitting it to act as a filter between cortical influences 
and the transmission of signals into the cortex. This filtering process is carried out by 
mechanisms whereby reticular neurons innervate and inhibit thalamic relay neurons, 
or disinhibit them by innervating thalamic inhibitory neurons (Jones, 2002). The 
topography of the axonal projections from the prefrontal cortex to the TRN overlaps 
with projections from sensory association areas, which suggests that these axons may 
be in a position to influence signals passing from sensory‐related thalamic nuclei to 
the cortex (Zikopoulos and Barbas, 2006), thus allowing for the selection of some 
signals and suppression of others at an early stage of processing. Recent 
investigations of the influence of prefrontal pathways on TRN suggest that the role of 
these projections might be most critical in fine‐tuning the transmission of relevant 
signals and eliminating distractors in complex situations involving multimodal stimuli 
and cognitively‐demanding tasks (Zikopoulos and Barbas, 2010).  
The modulation of SI reported in the studies in this thesis cannot be 
definitively attributed to either direct or indirect influences from prefrontal cortex, 
however in light of the top‐down factors observed to influence SI excitability in the 
four studies of the thesis, decades of research that implicates prefrontal regions in 
modulating sensory processing, and the existence of anatomical and physiological 
mechanisms to subserve these effects, it seems very likely that these regions play a 
role in mediating the SI modulation observed in these four studies. From a big picture 
perspective, these early modulations in somatosensory cortex may have 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consequences for how sensory‐guided motor responses are carried out.  
Somatosensory information projects from SI to secondary somatosensory regions and 
posterior parietal cortex where it undergoes higher‐order processing and can be used 
to direct attention and inform motor responses. These processes are carried out via 
connections between the posterior parietal cortex and prefrontal cortex, frontal 
premotor regions, and motor cortex. In this way, changes in SI excitability can have an 
effect on the planning and execution of motor behaviour. 
 
5.2 Conclusions 
 
  Somatosensory cortex is sensitive to the presence of simultaneous, crossmodal 
(visual and vibrotactile) stimuli when both stimuli are relevant to the performance of 
a tightly coupled sensory‐motor task. This modulation of sensory cortex is associated 
with activity in a fronto‐parietal network, which has been previously implicated in the 
top‐down control of attention. The findings of this thesis show that frontal and 
parietal nodes in this network are differentially modulated by crossmodal demands, 
stimulus relevance, and motor task requirements. Taken together, these findings 
contribute to the mechanistic understanding of how somatosensory cortex is 
modulated and are suggestive that modulation of excitability in SI is governed by top‐
down mechanisms that act to enhance the processing of relevant stimuli based on task 
demands, and that a fronto‐parietal network relies on perceptual and motor sets to 
bias the processing of incoming sensory information. These attentional sets are 
representations used to select task‐relevant stimuli and responses based on 
knowledge about upcoming sensory events and behavioural goals (Corbetta and 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Shulman, 2002). The most likely routes for this effect involve a prefrontal‐thalamic‐
cortical loop and direct cortico‐cortical connections between PFC and SI that allow the 
prefrontal cortex to exert an influence on somatosensory cortex. Although the precise 
mechanisms underlying this enhancement are not clear, these findings do contribute 
to our understanding of how exogenous factors like stimulus modality interact with 
endogenous factors like task‐relevance by revealing the consequences of this 
interaction on somatosensory cortex. 
 
5.3 Limitations  
 
  This thesis suffers from a number of methodological limitations that are 
inherent in using indirect measures to infer changes in neural activity. As mentioned 
in the General Discussion, fMRI measures the blood oxygen level dependent (BOLD) 
response, which reflects changes in the relative proportion of oxygenated and 
deoxygenated hemoglobin in blood vessels of the brain. From these changes in blood 
flow we infer changes in neural activity, because active neurons require more oxygen 
and despite efforts to understand the neural activity underlying the BOLD signal, the 
bottom‐line is that it is still a correlative measure that does not permit any 
conclusions about the cause and effect relationship between neural activity and the 
task it is associated with. A different but not unrelated set of limitations arises from 
EEG as a measure of cortical activity, which measures electrical activity at the surface 
of the scalp and reflects the summated synaptic activity occurring in the underlying 
cortex. While this measure has the advantage of very precise temporal resolution, it 
suffers from the problem of current spread whereby the EEG signal is attenuated and 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distorted by tissue and bone between the cortex and the electrodes, which makes it 
difficult to localize the generators of components of the EEG waveform, particularly 
those with broad topographical distributions. The limitations of both of these 
techniques constrain the interpretation of the results of this thesis to inferences about 
the underlying neurophysiology and anatomy rather than direct cause and effect 
relationships between the observed neurophysiological effects and the cortical and 
subcortical regions that subserve them.  
  Another limitation common to studies that attempt to link physiology to 
behaviour is the artificial nature of behavioural tasks used in a laboratory setting, and 
the tasks employed in this thesis are no exception. The behavioural tasks in this thesis 
were designed to manipulate attention and stimulus modality, and although these 
factors undoubtedly influence everyday behaviour, the way in which they were 
compartmentalized for the purposes of experimental design most certainly does not 
reflect the fluidity of real‐world tasks. However this sacrifice in ecological validity is a 
necessary evil in efforts to understand the relationships between behaviour, cognitive 
processes, and the underlying neurophysiology. 
 
5.4 Future Directions 
 
The logical next question stemming from the results of this thesis relates to 
what might be the functional consequences of the observed SI modulation.  In none of 
the studies of this thesis did SI modulation coincide with improvements in behaviour, 
which suggests that in young, healthy participants these changes in somatosensory 
cortex do not impact motor performance. But this is not to say that the same results 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would be seen in patients with neurological impairments affecting their ability to 
attend to relevant stimuli and incorporate it into a motor response, such as those with 
prefrontal lesions. As mentioned in the introduction of this thesis, understanding the 
role of sensory information in motor behaviour has implications for recovery of motor 
function in clinical populations, and determining the optimal conditions for increasing 
excitability in somatosensory cortex is an important preliminary step towards 
informing rehabilitation strategies. Thus one future direction could be to test whether 
modulations in sensory‐specific cortex are indicative of performance deficits in 
patients presenting with sensory‐gating deficits. Another possible extension of this 
work would be to test the hypothesized contributions of nodes in the fronto‐parietal 
network by applying a theta‐burst transcranial magnetic stimulation (TMS) protocol 
to regions in this network and measuring the behavioural and physiological 
consequences of disrupting function in these areas. By systematically disrupting 
function in hypothesized critical nodes in the fronto‐parietal network and measuring 
SI excitability and behavioural performance it might be possible to disentangle the 
relative contributions of frontal and parietal regions to SI modulation. 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